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THE TUNGSTEN7 X-RAY SPECTRUM.
ELMER DERSHEM.
Some work has recently been done in this laboratory In the
analysis of the molecular arrangement in certain crystals by
means of the reflection of X-rays from these crystals. To carry
out this work it was first necessary to determine
'
the wave
lengths of the characteristic lines of the tungsten X-ray spec
trum because tungsten is the material of the anticathode of the
Coolidge X-ray tube, the most satisfactory tube for this kind
of work.
The method of obtaining the X-ray spectra was essentially the
same as that used by many other X-ray investigators. A crystal
was mounted inside a lead box in such a way that it would be
slowly and uniformly rotated by means of the rising of a float
in a tank into which water from a constant head source was
allowed to flow. A cleavage face of the crystal was placed in
the vertical axis of rotation and X-rays coming through a nar
row vertical slit in the lead shield between the crystal and the
tube were reflected from the crystal whenever the angle made
by the crystal planes with the incident rays satisfied the condi
tion given by the formula nx=2dsin & in which n is a whole
number, the order of the spectrum. x is the wave length, d is ;
the distance between planes parallel to the face in question
and €9 the angle between these planes and the incident rays.
A photographic plate was placed inside the lead box and with
its plane perpendicular to the line joining the crystal and the
source of X-rays. In this position it would receive and register
a vertical line, or image of the slit, whenever the angle of the
crystal was such as to accommodate, according to the above
formula, any wave length existing in the X-ray spectrum of
tungsten. The distance along the plate from the center to the
position of any one of the lines and the distance from the axis
of rotation of the crystal to the plate being known it is easy
to determine the angle of reflection since the ratio of these dis
tances gives the tangent of twice this angle. 1
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In experimenting with crystals which absorbed X-rays only
slightly, it was found that the lines on the photographic plate
became wide and overlapped, making it impossible to perceive
any spectral lines whatever, the plate giving the apearance of
a continuous spectrum. A study of the conditions which would
cause this led to the conclusion that the resolving power of a
crystal, or its ability to separate lines of nearly the same wave
length could be increased by making the crystal very thin. A
test was made, using a crystal of rock salt which had been
ground to a thickness of 0.2 mm. The results amply justified
the theory as the lines were narrower and sharper and lines
appeared in a region which had previously been considered as
a region of continuous spectra only. A print from this plati»
is shown in figure 18.
It is impossible to reproduce the finest lines which appear on
the plate. In taking this photograph the crystal was first ro
tated through the position which would give the tungsten spec
trum on one side of the center line and then reversed to give
the spectrum on the other side. In this way the distance be
tween the two positions of a line is twice the displacement dis
tance of that line. In this case the crystal was rotated about
an axis passing through one of its faces and which was 15.553
centimeters from the plate. The distance between the two po
sitions of the strong line of greatest wave length was 18.248
centimeters. One-half of this, 9.124, when divided by 15.553,
gives the tangent of twice the angle of reflection which is found
to be 30° 24'. The angle of reflection is therefore 15° 12'.
In the following table the values of the X-ray wave lengths
cf tungsten are given. The computations are based on the value
of 2.814xlO-8 cm. as given by' Bragg for the distance between
planes in a rock salt crystal.
FIQ. 18.
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GLANCING ANGLE
OP REFLECTION WAVE LENGTH
15° 17' 1.483x10-" cm.
Strong IB" 12' 1.476
13° 21.5' 1.300
Strong 13° 11' 1.284
12° 57.5' 1.262
Strong 12° 46.5' 1.244
11" 35' 1.130
Strong 11° 16' 1.100
10° 52' 1.061
10° 31' 1.027
9° 52' .964
9° 22.5' .917
7° 33' .739
4° 55.5' .483
Other measurements indicate that these values, assuming the
exactness of the above value of d, are correct to within 0.1 per
cent. It is the belief of the writer that the resolving power of
a crystal may be much further increased and the X-ray spectrum
of the elements made almost, if not quite, as extended as the
light spectrum and by means of this greater resolving power the
finer details of atomic structure become known.
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